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Abstract
We develop a benchmark against which the effects of ECB monetary policy on the German
bond market can be evaluated. We first estimate an affine term structure model for the pre-
EMU period linking the German yield curve with the Bundesbank monetary policy. The
German monetary policy and its implied yield curve are then reprojected onto the EMU period.
The reprojected yield curve differs significantly from the observed one. Short-term interest
rates during the EMU period are significantly lower than they would have been in case the
Bundesbank were still in charge of monetary policy. Furthermore, yield spreads increased
substantially during the EMU period.
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1. Introduction
Since the beginning of the European Economic and Monetary Union (EMU), January 1, 1999,
the European Central Bank (ECB) monetary policy has been at the center of a fierce policy
debate. Frequently, supporters and critics of the ECB policy use various, often contradictory,
indicators to evaluate its policy. It seems clear, however, that an objective benchmark against
which the ECB policy could be compared is still missing. In this paper we construct and
estimate a pre-EMU model that links the German yield curve dynamics with the Bundesbank
monetary policy. Subsequently, we project this monetary policy onto the EMU period. This
projected (Bundesbank) monetary policy then serves as a benchmark to assess actual ECB
monetary policy.
A general motivation to turn to the bond markets is the need of a good description of a
financial market. This is of crucial importance as the model is to serve as a benchmark. There
is by now evidence that bond markets (more specifically yield curves) can be modelled with
reasonable accuracy within a no-arbitrage framework using parsimonious factor models. In
fact, standard three factor models fit yields up to a measurement error of about ten basis points.
This type of accuracy is currently not obtained by models describing other financial markets.
Given the dominance of Germany in the financial markets during the Exchange Rate
Mechanism (ERM) period, it seems logical to concentrate on the German bond market. More
in particular, the German yield curve would form a benchmark yield curve for all ERM
countries. The German yield curve can, therefore, be used to analyze the effects of the ECB
policy on bond markets by comparing it to the one that would have prevailed if EMU were not
there.3
Research on this topic has generally taken an EMU wide approach. For instance, Faust et
al. (2001), Alesina et al. (2001) and Gali (2001) use a policy rule approach to estimate the
effects of EMU on the monetary policy adopted by the ECB. These studies use the Bundesbank
Taylor rule and apply it to EMU-wide aggregates to see what interest rates would have been
applied in EMU if the ECB had followed a German interest rate policy strategy. The
predominant finding is that the interest rate target (under the assumption that the ECB would
follow a Bundesbank Taylor rule) is typically higher than the observed EMU interest rates. 
The approach taken here differs in two main ways from the above studies. First, a model
that prices all bonds across the maturity spectrum is used. Therefore, the analysis is more
informative regarding the effects of EMU than the analysis based on short rates only. Taylor
rules in observed output (gap) and inflation fail in modelling the long end of the term
structure.
1 The model used in this paper is able to fit the entire term structure by encompassing
variables that are typically left out in the standard Taylor rule analysis. These additional
variables represent the long-run expectations of output and inflation. By including these factors
in the analysis, we believe we obtain a more detailed description of actual monetary policy
rules. 
Second, a different perspective is adopted in comparison to the before mentioned studies.
Instead of answering the question of how EMU interest rates would look if the ECB were to
follow the Bundesbank rule, we focus on the question: “How different would the post-1999
yield curve have looked in Germany (or any other member state) if the Bundesbank (or any
other central bank of the country under investigation) and not the ECB would set the monetary
                                                
1 See, for instance, Dewachter et al. (2001) for an illustration on US data.4
policy”. In this way no speculation is required about which EMU-wide aggregates (output and
inflation) the ECB uses in setting the interest rate policy.
The remainder of the paper is organized as follows. Section 2 presents the factor model
which includes observable and unobservable factors and explains the link between these
factors and the bond market using standard no-arbitrage arguments. Section 3 presents the
estimation results of the model and the implied interest rate feedback rule of the Bundesbank.
This feedback rule is used to extrapolate German monetary policy during the EMU period.
Section 4 then proceeds by actually projecting German monetary policy in the EMU period and
by testing whether or not a significant difference is found between the observed and the
projected yield curves. Section 5 concludes the paper.
2. The Model
This section presents the continuous time model proposed by Dewachter et al. (2001) which
links the dynamics of specific macroeconomic variables with the term structure of interest
rates. The model includes a total of five factors. Two of the factors describe observable
macroeconomic variables (output gap and inflation) while the other three factors represent non-
observable or latent factors. In contrast to the usual understanding of latent factor given in the
literature, the ones included in this model do have a clear a priori economic interpretation.
Two of them represent the long-run expectations of the output gap and inflation. As shown in
Dewachter et al. (2001) and Kozicki and Tinsley (2001), the inclusion of such factors seems
crucial in modelling the link between financial markets and the macroeconomic variables. The
third latent factor describes the instantaneous real interest rate in the economy. The use of three
latent factors to explain the yield curve is in accordance with most of the findings presented in
the literature.5
2.1 Dynamics of macroeconomic and latent factors
A simple and stylized continuous time model describes the dynamics of the factors. We start
by presenting the dynamics of the observable macroeconomic variables, output gap y(t) and
inflation π(t), and of their time-varying central tendencies y*(t) and π*(t):
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where Wi(t), i = {y,π, y
*,π
*}, denote independent Wiener processes defined on the probability
space (Ω ,F ,IF ,P), where IF = {Ft}0≤t≤T. Although it is assumed that backward-looking models
provide a good representation of reality, the inclusion of factors representing long-run
expectations of macroeconomic variables (i.e. the central tendencies) do give a forward-
looking dimension to the model. The variable ρ(t) denotes the real interest rate that is also used
to specify the instantaneous interest rate r(t):
. ) ( ) ( ) ( t t t r ρ π + = (2)
It is implicitly assumed that the monetary authority uses a feedback rule for the real interest
rate. In other words, changes in the real interest rate ρ(t) are a response to deviations of the
output gap and/or inflation from their central tendencies and to a mean reverting (real interest
rate smoothing) component relative to a stochastic long-run mean ρ
∗(t):6
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with Wρ(t) also representing a Wiener process independent of the other Wiener processes as
defined before. The long-run real interest rate, ρ
*(t), represents a long-run policy rule for the
real interest rate. Note that we allow long-run real interest rate to depend both on the observed
macroeconomic variables (y and π) and on their unobserved central tendencies (y
* and π
*). The
central bank also has a short-run policy rule that can be inferred from the dynamics in (3). This
short-run policy rule is discussed in detail in section 3.3.
As can be seen from equations (1) and (3), the dynamics of the system is modelled in
terms of deviations of each factor from its long-run expectation, e.g. (y
*(t) - y(t)). This is also
valid for the central tendencies of output gap and inflation which are assumed to have constant
long-run expectations represented by the parameters θy* and θπ*, respectively. In other words,
only deviations from the long-run expectations (central tendencies) determine the short-run
dynamics of each macroeconomic variable. This is, in fact, what guarantees that each central
tendency acts as a long-run attractor for the respective factor once stability is imposed on the
model.
In order to facilitate the representation of the model, we rewrite the above dynamics in
matrix notation. Denoting the number of factors by n (equal to five in our case), we define an n
x 1 vector f(t) containing all the factors included in the model and an n x 1 vector dW(t)
containing the respective shocks to each of those factors as:7
(4)
The volatilities of the factors are represented by an n x n diagonal matrix S as:
( ). , , , , * * π ρ π σ σ σ σ σ y y diag S = (5)
In this way, the dynamics of the economy can be restated as follows:
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and
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1 ′ = −
π π π ρρ πρ ρ θ κ θ κ γ κ γ κ γ κ ψ y y y y K (8)
Since the matrix K is in general not diagonal, it is not straightforward to obtain closed form
equations for the expectation of the level and of the covariance matrix of the factors. A
procedure to generate the conditional means and the conditional covariance matrix of the
factors is presented in Dewachter et al. (2001). A similar method can be found in Fackler
(2000).
2.2. Implications for bond markets
Equations (2) and (6) specify the dynamics of the instantaneous interest rate in terms of








































































interest rates and its dynamics up to some risk premium component. In fact, the absence of
arbitrage opportunities implies that zero-coupon default-free bond prices at time t maturing at
T, p(t,T), are the solution to the following conditional expectation:
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where Q denotes the risk-neutral probability measure. In general, this risk-neutral probability is
unknown and can only be specified by assuming some specification for the prices of factor
risk. Following Duffee (2001), time variability in the prices of risk is captured by specifying
prices of risk as an affine function of the factors.
2 The vector containing the time-varying
prices of risk ξ is defined as:
, ) ( ) ( 1 t f S S t Ξ + Λ = − ξ (10)
where Λ ≡ (λy ,λπ ,λρ ,λy* ,λπ*)’ and Ξ is an n x n matrix containing the sensitivities of the
prices of risk to the levels of the state space factors. Changing probability measures is then
easily done by means of the Girsanov theorem:
, ) ( ) (
~
) ( dt t t W d t dW ξ − = (11)
where ) (
~
t Wi constitutes a martingale under measure Q. The state space dynamics can be
restated in terms of this risk-neutral metric Q as:
                                                
2 With this characterization, our model fits in the class of essentially affine term structure models.9
()





) ( ~ ~
) (
1 Λ − Ξ + =
Ξ + =
+ − =
− S K K
K K




A functional form for bond prices can be obtained by assuming that bond prices are time
homogeneous functions of the factors f(t) and the time to maturity, τ = T-t:
, )) ( )' ( ) ( exp( ) ), ( ( ) , ( t f b a t f p T t p τ τ τ − − = = (13)
where b(τ) is an n x 1 vector and by imposing the no-arbitrage condition in the bond markets:
, ) ), ( ( ) ( )) ), ( ( ( τ τ t f p t r t f p DQ = (14)
where D
Q denotes the Dynkin operator under the probability measure Q. The intuitive meaning
of the latter condition is that, once transformed to a risk-neutral world, instantaneous holding
returns for all bonds are equal to the instantaneous riskless interest rate. 
Equations (13) and (14) determine the solution for the functions a(τ) and b(τ) in terms of a

































A particular solution to this system of ODEs is obtained by specifying a set of initial conditions
for a and b. Inspection of equation (13) shows that the appropriate initial conditions are: a(0) =
0 and b(0) = (0 0 0 0 0)’. The vectors of constants a0 and b0 are determined by the definition of10
the nominal interest rate presented in equation (2). In this case, it implies that a0 = 0 and b0 =
(0 1 1 0 0)’.
The bond pricing solution derived here differs in important ways from the ones implied by
independent multi-factor term structure models presented in the literature. First, allowing for
interrelations among the factors, i.e. non-zero off-diagonal elements in K
~
, generates a coupled
system of ODEs instead of a set of uncoupled ODEs. The bond pricing solution for the a and b
functions, therefore, is not reduced to the standard multi-factor result presented in, for instance,
de Jong (2000). Second, some factor loadings no longer start from unity at maturity τ = 0. This
is the case for the output gap and the stochastic central tendencies which have zero loading in
the determination of the instantaneous interest rate. The central tendencies only influence the
instantaneous interest rate indirectly by serving as a long-run (stochastic) attractors.
2.3. Estimation method
Given the Gaussian (discrete time) properties of the above model, all its parameters can be
estimated consistently using the Kalman filter algorithm. Filtering is crucial since we need to
retrieve the central tendencies (long-run forecasts) of output gap and inflation. For the
measurement equation, a vector z(t) containing m zero-coupon bond yields ( i y ˆ ) for maturities
τ1 through τm and the output gap and inflation rate at time t is constructed. Based on the
theoretical model, the vector z(t) can be written in terms of the factors f(t) using no-arbitrage
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where ei is a n x 1 column vector of zeros with a one on the ith row, εt is an (m+2) x 1 vector
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Equation (16) is then written more concisely as:
, ) ( ) ( ) ( t t f H c t z z ε + + = (18)
where  ()() ( ) R t t Et = ′ ε ε , and  0 , = j i R  for  m j i > , . The transition equation is derived as the
discrete time representation of the continuous time model dynamics:
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The state-forecasting and updating equations are given respectively by:
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The definitions and computations of the matrices Φ(∆t) and Q(∆t) can be found in Dewachter
et al. (2001) or Fackler (2000). The final goal of this procedure is to maximize the likelihood
(multivariate normal) of the prediction errors of the model ( t t t z f H c t t z ∆ + − − ∆ + ˆ ) ( ).
3. Estimation of the pre-EMU Bundesbank Monetary Policy Rule
This section concentrates on the estimation of the above model using German data before
EMU. A description of the data used in the estimation and the main empirical results of the
model are provided. The section is then completed with a more detailed analysis of the short-
run real interest rate (a Taylor-type rule) applied by the Bundesbank during this period. In the
next section, we use those estimates to filter the real interest rate rule that would have been in
place in case the Bundesbank were still in charge of the monetary policy in Germany.
3.1. Data
Monthly data for Germany for the period 1987:04 to 1998:12 is used for estimation of the
model. In order to get a significantly accurate representation of the yield curve, a total of
eighteen maturities are employed: 1 to 12 months and 2, 3, 4, 5, 7, and 10 years. Interbank
market rates and swap rates are retrieved from Datastream. The yields with maturities up to 1
year were constructed from interbank market rates and those with higher maturities were
constructed from swap rates using the method presented in Piazzesi (2001). In the following, it13
is referred to as the SWAP yield curve
3. The dynamics of a selection of these yields can be
seen at the bottom panel of Figure 1.
Insert figure1
The output gap and inflation series are also obtained from Datastream. Since GDP is not
available at a monthly frequency the industrial production series is used as a proxy for the
output variable. Output is then transformed into output gap by subtracting a linear trend. Note
that the standard Hodrick-Prescott (HP) filter is not used to construct the output gap since this
would generate a highly non-linear output trend and would leave part of the information
regarding the production dynamics out of the analysis.
4 The inflation series is constructed
using the German CPI index and is reported in p.a. terms. The output gap and inflation series
are also depicted in Figure 1.
A statistics summary of pre-EMU and EMU data can be found in Table 1. The yield curve
is on average monotonically increasing while yield variances tend to decrease with maturity.
Normality is rejected for most time series.
Insert table 1
                                                
3 Note also that we neglect any credit risk that might be present in the data. Credit risk is not the focus of this
paper and it can be argued that the implied SWAP yields are only minimally affected by the credit risk due to
special netting features (see Duffie and Huang (1996)).
4 The model was also estimated using the standard HP-filtered output gap series. The main conclusions are not
altered.14
3.2. Empirical Results
The estimates of the model parameters for the pre-EMU period (1987:04-1998:12) are now
presented. The estimates are considered to provide a good representation of the Bundesbank
monetary policy rule.
5 The parameter estimates are found in Tables 2 and 3:
6
Insert tables 2 and 3
The first observation concerns the significance of the attracting properties of the time-
varying central tendencies in the model. This can be seen from the statistical significance of the
first three elements of the diagonal of the matrix K (see Table 2). All the filtered factors are
seen in Figure 2. The dashed lines depict the long-run behaviour of each macroeconomic
series. The central tendency of output gap (y
*) gives the idea of the German business cycle
during our sample period. The central tendency of inflation (π
*) can be seen as the long-run
expectation of the market regarding the level of inflation. One observes a significant drop in
this variable at the end of 1998. Finally, the central tendency of the real interest rate tracks the
long-run monetary policy of the Bundesbank. The bottom panel of this figure also presents the
Bundesbank short-term real interest rate rule. This time series is discussed in the next sub-
section. The resulting fit of the three macroeconomic series (output gap, inflation and real
interest rate) is presented in Figure 3. The “data” for the real interest rate was computed based
                                                
5 In order to assess the possible influence of the German pre-unification period on the final results, we also
estimated the model using only post-unification data (1991-1998). The results for this sub-period do not differ
significantly from the ones obtained with the full sample period. The conclusions derived from the reprojection of
the German monetary policy onto the EMU period are also not altered.
6  The model was estimated in a single-step procedure. The optimization was performed using the Broyden-
Fletcher-Goldfarb-Shanno (BFGS) algorithm with a convergence tolerance for the gradient of the estimated
coefficients equal to 1E-6. As usual, the robustness of the reported 'optimum' was checked by evaluating the
convergence of the model from an array of starting points.15
on the one-month yield and is, therefore, an approximation of the instantaneous real interest
rate.
Insert figures 2 and 3
In order to keep the model as parsimonious as possible, we assume the measurement error
covariance matrix (R) to be diagonal. Hence, the number of parameters to be estimated is
restricted to m. The last two rows and columns of this matrix are equal to zero since the output
gap and inflation are perfectly updated (see equation (16)). The maximum measurement error
implied by the estimates is equal to approximately 10 basis points. The resulting fit of the term
structure can be seen in Figures 4-6. By visual inspection, the general fit for all maturities is
considered as reasonably good. The loadings for each maturity with respect to the various
factors (see equation 17) are shown in Figures 7 and 8. A number of observations can be drawn
from Figure 8: i) a clear level effect as is commonly reported in the literature is not found (see,
for instance, Berardi (2001)), ii) almost all factors (except the output gap) exert a significant
influence on the short-end of the yield curve (note that due to the specification of the interest
rate in equation (2), both inflation and the real interest rate start by definition at one), iii) the
long-end of the yield curve is mainly determined by the central tendency of inflation or, in
other words, by long-run inflation forecasts. Ang and Piazzesi (2001) also point out the
importance of similar factors in explaining this region of the yield curve, iv) both output gap
and output gap central tendency have a hump-shaped effect on the yield curve with a maximum
effect on yields with maturities of approximately 6 months and 2 years, respectively. 
Insert figures 4 to 8
Although one can see the relatively small effect of the output gap on the yield curve
(Figure 8), one should notice that this factor is one of the important sources of variation in the16
risk premia, along with the real interest rate and the central tendency of inflation. This can be
seen in Figure 9, which presents the decomposition of the risk premia among all the factors for
a selection of the yields. The average risk premium level (not presented here) increases with
maturity, reaching a maximum of 1.2% for long-term bonds. 
Insert figure 9
3.3. The Bundesbank monetary policy rule (1987:04-1998:12)
The estimates presented in the previous section allow us to quantitatively assess an extended
type of Taylor rule, summarizing the Bundesbank monetary policy. The above model posits
implicitly a real interest rate rule for the central bank of the following form:
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This policy rule can be decomposed into two parts: a target real interest rate value, 
*
s ρ , and a
speed of convergence (interest rate inertia) in terms of the adjustment parameter κρρ. The
estimated target rule can be rewritten as:
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This equation stands in contrast to the standard backward-looking Taylor rules that do not
incorporate the long-run tendencies of output gap and inflation. The appearance of the central
tendencies in the policy rule is in our view indicative of the forward-looking nature of the
monetary policy. The described rule states that target real interest rate moves positively with
the long-run central tendencies (expectations) of output gap and inflation. In this respect, the
real interest rate rule is (positively) related to expected future output gap and inflation. Next to
these long-run sources of variation, real interest rates are also determined by short-run
expectations based on current economic conditions. These factors are modelled through
deviations from their central tendencies. It was found that the sensitivities are negative and
smaller than the long-run ones. Note that the negative sign should not come as a surprise. The
mean reverting properties of the model imply that, for instance, a positive inflation differential
(π(t) > π
*(t)) implies an expectation of a future decrease in observed inflation. In short,
evidence was found of a monetary policy rule that reacts strongly to future expected output gap
and inflation and adjusts to a lesser extent to short-run expectations (decreasing interest rates
whenever the output gap and inflation are expected to decrease in the near future).
A second part of the actual real interest rate dynamics is related to the convergence
properties towards this target. This is measured by the parameter κρρ, estimated at 2.5 on a
yearly basis. This estimate implies a halving time of the deviation of the current rate from the
target of about three to four months. We thus find that monetary policy is such that real interest
rates are adjusted quickly to this time-varying target. This strong and statistically significant
mean reversion allows us to interpret the target rate as a relatively short-term target rate.
Finally, the model also allows for what could be called an equilibrium interest rate rule,
which presents a rule that would apply if all macroeconomic variables were at their long-run18
expectations, i.e. π(t) = π
*(t) and y(t) = y
*(t) (implying that ρ(t) = ρ
*(t)). This rule can be
interpreted as an equilibrium Taylor rule. The estimated equilibrium interest rate rule
resembles very strongly the standard Taylor rule estimates. More in particular, the estimated
equilibrium rule of our model gives:
, ) ( 4 . 0 ) ( 437 . 0 0285 . 0 * * t t y π ρ + + = (24)
which rewritten in terms of the nominal interest rate target gives:
. ) ( 4 . 1 ) ( 437 . 0 0285 . 0 * * t t y i π + + = (25)
Equation (25) comes close to the target rules reported in the literature for the Bundesbank. For
instance, Faust et al. (2001) find values for the constant real interest rate of 0.0258, an output
sensitivity of 0.19 and an inflation sensitivity of 1.31. Our estimates are also reasonably close
to those reported by Clarida et al. (1998).
To summarize, the estimates reported in this section do provide evidence that the proposed
model does capture interest rate policy and term structure dynamics in a sufficiently accurate
way to allow the use of this model to generate the benchmark term structures for the German
bond markets. In the next section the model is used to generate, filter, the term structure that
would occur under the assumption that the Bundesbank were still in control of monetary
policy.
4. Projecting German monetary policy onto the EMU period (1999:01-
2002:08)
Turning to the main objective of this paper: the assessment of the effects of European monetary
unification on the German bond markets, and more in particular, on the German SWAP yield19
curve. To do so, we project the pre-EMU Bundesbank monetary policy rule onto the EMU
period. As a result we obtain the yield curve as implied by Bundesbank monetary policy in the
EMU period. This hypothetical yield curve can then be compared with the real one that is
affected by ECB monetary policy. 
Two methods are proposed to obtain the three unobserved factors in our model: the real
interest rate and the central tendencies of output gap and inflation. These series are then used to
compute the implied (filtered) yield curve dynamics over the period 1999:01 until 2002:08.
Finally, a comparison is made between the actually observed German real interest rate and
yield curve under ECB monetary policy with the filtered ones based on the Bundesbank
behavior. This comparison allows a period by period assessment of the existence of structural
differences between the two possible states for the Germany monetary policy (under ECB or
Bundesbank control).
The first method consists of generating the prediction densities for the unobserved series
during the EMU era and computing the implied yield curves and their confidence bounds based
on the estimates presented in the previous section. The observed yield curves are then verified
whether they fall within the constructed confidence bounds. Within the context of the above
Gaussian model, the prediction of the factors and the consequent computation of the yield
curves can be done easily. Denoting the end day of the Bundesbank period by T€ and the
prediction horizon by h, the probability density of the yield curve is given by:
() ( ) ( ) ( ) , ' ˆ , ˆ
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where 
€ € T T ˆ
h P +  denotes the variance-covariance matrix of the cumulative factor shocks over the
prediction horizon h. From this multivariate normality assumption, yield curve forecasts and20
confidence bounds are easily constructed for any relevant prediction horizon h. The results for
the 18 maturities used before are depicted in Figures 10-12.
Insert figures 10-12
The main conclusion drawn from those graphs is clearly that predicting the yield curve
some months into the future is not very informative. Due to the very high inertia in the latent
factors, it was found that the prediction densities are dominated by the near unit root
component in the interest rate series: optimal predictors are close to the last observed value and
confidence intervals increase quasi-linearly in the prediction horizon.
In order to obtain more precise estimates of the German term structure, a second method is
employed that incorporates the information regarding the German economic conditions
(inflation and output) during the EMU period. In the above forecasting exercise, this
information is not used to generate the implied yield curves. Forecasted values were used for
all the factors including output gap and inflation. Instead of forecasting, the real interest rate
and central tendencies of output gap and inflation are filtered, conditional on the observed
output gap and inflation levels in Germany. This filtering procedure is performed given the
estimated state dynamics presented in the previous section.
Filtering of the output gap and inflation central tendencies can be done by adapting the Kalman
filter algorithm to the restricted information set, consisting of y(t) and π(t). This implies new
forecasting and updating equations. More specifically, the forecasting equation now becomes:
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where the updating starts at the first point of the EMU period. The initial values for 
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Adapting the Kalman filter in this way implies that we filter for the entire economic state
variable f taking into account the observations on y and π during the EMU period. Moreover,
the filter will perfectly update the actual output gap and inflation series and generate optimal
filtered values for the unobservable real interest rate and output gap and inflation central
tendencies. Note, however, that in generating the filtered variables we take into account all
information of the state space dynamics, i.e. we use the matrices Φ and Q
~
 in this filtering
procedure. This filtering is moreover very likely to reduce the uncertainty around the predicted
filtered Bundesbank yield curve, as new information concerning the prevailing inflation and
output gap are incorporated into the information set. The probability density of the yield curve
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The filtered output gap and inflation can be seen in Figure 13. Figure 14 shows the filtered
real interest rate (dashed line) in comparison with the observed German real interest rate (solid
line). One can see clearly that after mid-1999 the observed monetary policy under EMU (solid
line) starts to differ substantially from the one which would have been applied by the
Bundesbank in case it were still in charge of the German monetary policy. Around the third
quarter of 2000 this difference becomes then statistically significant. Most importantly, it
seems that the Bundesbank would have preferred higher real interest rates than the ones in
place since 1999. This result is less significant at the end of the sample period.
Insert figures 13 and 14
Figures 15-17 plot the filtered yields for the 18 maturities used so far, ranging from 1
month to 10 years. The difference between the observed and the filtered yields is shown to be
more pronounced for the short-term maturities. For the long-term maturities the effects of the
different monetary policies (under EMU and under the Bundesbank) become less significant.
Insert figures 15-17
In summary, using this second filtering method, relatively precise signals are obtained that
allow a distinction to be made between what the Bundesbank would have done, given the
observed inflation rate and output gap, and what the ECB imposes as a yield curve upon
Germany. Findings show the Bundesbank would have chosen higher interest rates, especially
in the short run. Moreover, it seems that the long-run yields do not differ to the same extent,
implying that not only the level of interest rates is affected by the ECB but also the spread of23
the yield curve. In fact, the ECB basically imposed lower short-run interest rates on the EMU
area but increased the spread of the term structure. This suggests a larger risk premium
component during the ECB period than during the Bundesbank period.
5. Conclusions
This paper analyzed the implications of the monetary unification for German bond markets by
reprojecting the Bundesbank monetary policy over the EMU period. In line with the feeling of
many financial analysts, it was found that post-EMU observed interest rates in German markets
are significantly lower than they would have been under Bundesbank policy. This conclusion
applies to both real and nominal policy rates. Moreover, it seems that, next to the lower interest
rate level, ECB spreads tend to be larger than they would have been under the Bundesbank
regime.
This paper provides a method to include unobservable variables in the Bundesbank
monetary policy rule. By incorporating the current economic situation (instead of generating
prediction densities)  filtering procedures are proposed to generate the unobserved latent
factors (real interest rate and central tendencies of output gap and inflation). This filtering
technique has the desirable property that the filtering uncertainty remains limited and relatively
low. Therefore, this method will retain its usefulness in the future. As such, the main
contribution of this paper consists in providing a method to generate national benchmarks to
evaluate the effects of ECB policy on national bond markets.24
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Tables
Table 1: Summary statistics for the complete data set used (1987:04-2002:08)
Mean Std Min Max Auto Skew Kurt JB
Yield1m 5.325 2.243 2.565 9.969 0.993 0.716 2.043 22.887
*
Yield2m 5.357 2.258 2.569 9.875 0.994 0.727 2.046 23.294
*
Yield3m 5.385 2.257 2.574 9.875 0.994 0.723 2.042 23.209
*
Yield4m 5.396 2.252 2.579 9.875 0.994 0.726 2.046 23.268
*
Yield5m 5.409 2.250 2.585 9.875 0.995 0.732 2.058 23.352
*
Yield6m 5.420 2.250 2.588 9.875 0.995 0.738 2.073 23.410
*
Yield7m 5.422 2.236 2.595 9.875 0.994 0.744 2.090 23.428
*
Yield8m 5.426 2.225 2.631 9.875 0.994 0.751 2.112 23.490
*
Yield9m 5.431 2.212 2.636 9.875 0.994 0.760 2.136 23.559
*
Yield10m 5.443 2.206 2.638 9.875 0.994 0.765 2.149 23.612
*
Yield11m 5.455 2.197 2.643 9.828 0.994 0.766 2.158 23.573
*
Yield12m 5.466 2.192 2.644 9.813 0.994 0.771 2.169 23.672
*
Yield2yr 5.677 1.984 2.833 9.560 0.991 0.768 2.242 22.617
*
Yield3yr 5.856 1.811 3.005 9.490 0.991 0.722 2.249 20.423
*
Yield4yr 6.025 1.668 3.215 9.330 0.990 0.650 2.252 17.348
*
Yield5yr 6.168 1.568 3.429 9.320 0.990 0.591 2.276 14.830
*
Yield7yr 6.408 1.395 3.764 9.290 0.991 0.421 2.277 9.491
*
Yield10yr 6.637 1.257 4.126 9.285 0.991 0.282 2.294 6.298
Output
gap 0.004 3.517 -7.680 9.438 0.913 0.347 2.362 6.846
*
Inflation 2.118 1.290 0.087 6.096 0.951 0.942 3.695 31.058
*
The yield series are constructed from interbank market rates for maturities below 1 year, and
from SWAP rates for maturities above one year. Output gap and inflation are constructed as
mentioned in the text. The data series cover the period from 1987:04 until 2002:08, totalling
185 monthly observations. Mean denotes the sample arithmetic average, expressed as a p.a.
percentage,  Std. standard deviation, Min minimum, Max maximum, Auto the first order
autocorrelation, Skew and Kurt stand for skewness and kurtosis, and JB stands for the Jarque-
Bera normality test statistic. The star superscripts in the last column denote those variables for
which respectively the null of normality may be rejected at the 95% confidence interval.27
Table 2: Maximum likelihood estimates (1987:04-1998:12)
y π ρ y
* π
∗
κy,. 4.7908 1.4444 -5.0488
(1.2623) (2.1955) (2.4222)














γ. 0.5163 0.4895 -0.0790 -0.0898
(0.1214) (0.1172) (0.1160) (0.0872)
λ. -46.1438 -100.9254 178.6729
(11.4791) (83.4807) (102.1964)
Ξρ,. 0.4462 -0.2498 -1.7742 -0.0502 1.3195
(0.2216) (0.4617) (0.5849) (0.1054) (0.5146)
σ.² 0.00454 0.00022 0.00025 0.00064 0.00009
(0.00065) (0.00007) (0.00006) (0.00020) (0.00003)
ML estimates with robust standard errors underneath (see e.g. Duan and Simonato (1999)).
Total loglikelihood amounts to 19164.6826 or 135.9197 on average (excluding constant in the
loglikelihood).28
Table 3: Measurement error covariance matrix
R1m 1.6516 R7m 0.0269 R2yr 0.3796
R2m 0.6816 R8m 0.0264 R3yr 0.2833
R3m 0.1596 R9m 0.0493 R4yr 0.1211
R4m 0.0570 R10m 0.0214 R5yr 0.0575
R5m 0.0205 R11m 0.0221 R6yr 0.4720
R6m 0.0439 R12m 0.0413 R7yr 1.3495
All values are multiplied by 10
6. Note that the entries are variances and not standard
deviations, as most often reported.29
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